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INFLUENCE OF PLANTING SYSTEM ON SURFACE SOIL, PHYSICAL 
CONDITIONS AND SOIL WATER RELATIONS 
The Department of Agriculture initiated a programme in 
1977 to investigate and compare crop performance under 
several planting systems. This project was part of this 
programme and had as its objectives: 
1. MGasurement of soil physico-chemical components 
of "soil fertility" with a view to identifying 
reasons for observed poorer plant growth and 
yields with directly drilled than conventionally 
grown crops. 
2. Monitoring of long term changes in soil physico-
chemical conditions under directly drilled and 
conventionally grown crops. 
This report describes progress with investigation of 
surface soil physical conditions and of soil water 
relations. The planting systems studied were: 
1. Triple disc drill direct drilling (TDD) -
chemical weed kill, triple disc drill planted. 
2. Combine direct drilling (CDD) - chemical weed 
kill, combine planted . 
3. Minimum tillage (MT) - single cultivation 
after first rains, chemical weed kill, 
triple disc drill planted. 
4. Conventional cropping practise (CON) -
cultivated after weed germin ati on after first 
rains, cultivated subsequently if necessary, 
combine planted. 
Experiment sites included year in year out, short rotation 
and continuous cropping sites at each of 5 Research 
Stations. Detailed - data were obtained for the TDD, CDD 
and CON planting systems only at c ontinuous cropping sites 
at Wongan Hills, Avondale and Merredin. 
RESULTS 
Early emphasis was placed on establishing effects of 
planting system on surface soil physical conditions. 
1. The most significant finding related to soil 
strength. Soil resistance at planting was 
always higher with direct drilling than CON 
cropping and with the TDD than CDD planting 
systems. These differences occurred irrespective 
of whether planting followed one or more years 
of pasture or one or more years of cropping 
(Table 1). 
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2. In those tri a ls in which measurem ents were made, 
soil resistance near planting was reflected 
in reduced early root growth and slower root 
penetration to depth with triple disc drill, 
direct drilling in particular. 
3. Early plant growth was similarly affected. 
Eventual par i ty with pl ant dry matter prod uction 
and yields of conventionally g rown crops was 
b e tter a chi e v e d under hi gh t han low rainfall 
conditions a n d wi t h t h e CDD t han TDD planting 
systems. 
4. Seed bed differences in density, resistance 
porosity, air permeability and infiltration 
invariably favoured CON cropping. These 
differences were lower when planting after 
cropping than after pasture and in clay loam 
soil than sand (Tables 1, 2 and 3). 
The following conclusions/observations arose from this work: 
1. Better seed bed conditions as defined by 
soil density, soil resistance, porosity, air 
permeability and infiltration are as a direct 
conseq uence of soil loosening by cultivation, 
in sands in particular. 
2. Because of limited structure development in 
sands th er e i s no immediately a pparent reason 
t o expect a significant cha nge in time in 
relative planting system differences in seed 
bed conditions. 
3. Planting system differences in seed bed 
conditions are not as consistent in clay loams 
than sands and tend to be of a lower order of 
difference. 
4. There is evidence in 1980 data tha t repeated 
cultiva tion with continuous c onventional 
operations - is resulting in greater run off and 
reduced water infiltration than with continuous 
direct drilling practise on the clay loam soil. 
A changing soil condition seems apparent. No 
change is evident with the sand. 
5. Clay loam soils and sands have differential 
soil strength responses to changing soil water 
status. Drying in sand results in a sharp 
rise in soil strength. Due presumably to 
cracking and be tter structure the re is no 
significant change in soil strength with 
drying in the clay loam (Fi gure 1). Implications 
arise in respect of c onsequences of very early 
planting with direct drilling relative to greater 
probability of dry conditions after planting with 
increasing earliness. 
i 
e 
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6. It was concluded from these early studies tha t 
"some light textured, sandy soils, traditionally 
regarded as 'easy' to crop, may present mor.e 
potential hazard in direct drilling than some 
medium textured soils". 
Each of the soil measurements made describe the degree of 
'openess' of the soil. As the differences were for the 
most part significant, the 'openess' or more specifically 
the pore geometry of the surface soil was different in 
cultiva ted than uncultivated soils. Differences in pore 
geometry are reflected in differences in water storage 
capacities, water release patterns and infiltration rates. 
Consequently, the following seguence of events is probable 
after rainfall. 
1. More water storage at the soil surface with 
directly drilled than conventionally sown 
crops. 
2. As there is more water storage at the soil 
surface, more water can be lost through 
evaporation from uncultivated than cultivated 
soil. 
3. Because of lower infiltration rates and of 
the possibility of greater evaporative loss, 
water movement to depth can be slower and less 
with uncultivated than cultiva ted soils. 
The availability of soil water for crop use can this 
way be influenced by planting system. Various aspects 
of soil water relations were examined in varying detail 
at three sites - Wongan Hills, Avondale and Merredin, 
over the 1979 and 1980 growing seasons. Some of this 
soil water data are presented here. 
Evapotranspiration 
Data for the three sites are presented for 4 stages in 
the 1979 growing se~son in Tables 4, 5 and 6. 
1. As expected from water storage capacity, water 
release pattern and infiltration rate data, 
water use tended to be higher during early 
growth when ground cover eas low with the 
directly drilled t tlan conventionally sown crops 
and with triple disc drill direct drilling in 
particular. The data was not consistent for 
all sites. 
2. Water use was greatest with the conventionally 
sown crops after full ground cover was achieved. 
Water use at this stage reflected better early 
growth of the conventionally sown crop relative 
to that of the triple disc drill sown crop and 
to a lesser extent to that of the CDD planting 
system. 
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3. At Wongan Hills, most water was used towards 
the end of the growing season by the triple 
disc drill directly drilled crop. This is 
consistent with the widespread observation 
that ~irectly drilled crops remain green longer 
than conventionally sown crops. The data also 
show greater availability of soil water towards 
the end of the season with triple disc drill 
direct drilling, due largely to lesser use early 
on (Table 7). 
4. There was little difference between planting 
systems in patterns of water use at Avondale. 
5. At all sites, there was little difference between 
planting systems in total water use. 
Measurements to obtain similar data were made throughout 
1980 for the same three sites. The data for Wongan Hills 
are presented with some reference to trends at Avondale. 
1. Because of differences in surface conditions, 
water infiltration was greatest with the 
conventionally prepared and sown plots (Table 8). 
Near planting, water penetration was 15 to 20 cm 
deeper and totalled 10-12 mm more with the 
conventionally sown than directly drilled crops. 
Maximum water storage was similarly 10 mm 
greater. 
2. The pattern of water use was identical to that 
described for Wongan Hills for 1979 (Table 9). 
Progressive data on available water (Table 10) 
and relative available water (Table 10) reflect 
differential infiltration and subsequent 
greater water use with the conventionally sown 
planting system. 
3. As in 19 79, water use was g reatest towards the 
end of the season with triple disc drill direct 
drilling. Interaction of growth pattern with 
water use pattern was confounded with shallower 
water penetration with the directly drilled 
planting systems. 
4. At Avondale , after 4 years of continuous cropping 
with each planting system , water penetration 
averaged 64 cm with the conventionally sown 
treatment and 87 and 8 1 mm with the CDD and TDD 
treatments respectively. The data suggest a 
deterioration in conditions with continuous 
conventional cropping practise which is either 
not evident or lesser in degree with direct 
drilling. 
I 
~ 
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5. Preliminary measurements by Mr K. Bligh have · 
indicated greater run off from the conventionally 
sown than triple disc drill directly drilled 
plots~ at Avondale. 
6. Plant growth at Avondale reflected earlier 
exhaustion of soil water with the conventionally 
sown crop. Crop growth was maintained for 
a longer period after anthesis with each of 
the directly drilled crops. 
Dry conditions at Merredin saw water penetration to 20 cm 
at best on the heavy land site and eventual total crop 
failure for all planting systems. Surprisingly, the light 
land site was wet down to 2m, the final sampling depth. 
Water was extracted by the crops to depths of 90-100 cm 
only. Limited root penetration due to low pH at depth 
with this sand site is seen as the major contributing 
factor to this result. 
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TABLE 1: 
CON CDD TDD 
(a) Planted after several years of pasture* 
Mt Barker o.47 0.78 1. 73 
Boddington o. 61 1 .18 1. 62 
(b) Planted after one year of pasture+ 
Avondale 0.32 0.92 1 .85 
Wongan Hills 0.56 1.08 1. 65 
(c) Planted after of cropping¢ 
e one year 
Avondale 1. 94 2 .68 3.08 
Wongan Hills 0.60 1. 02 1.22 
(d) Planted a fter three years of cropp ing ¢ 
Avondale 0.88 2.25 3 . 31 
Wongan Hills 1. 03 1. 75 2 .34 
* Preliminary trials 
+ Rotation sites 
¢ Contin uous cropping sites 
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TABLE 2: Seed bed conditions one week after planting at 
Wongan Hills 
(a) Planted after one year of cropping 1977 
(b) Planted after three years of cropping (1979) 
Soil property CON CDD TDD 
Soi' wat3r 0.078 0.091 0.110 
(cm cm- ) (0.075) (0.072) (0 .081 ) 
Bulk d3nsity 1. 46 1. 47 1.58 
(g cm- ) ( 1. 38) (1.41) (1.53) 
Tot'l po~osity 0.51 0.52 o.46 
(cm cm- ) (0.40 ) (0.39) (. 034) 
Air pegme~bility 5.52 3.86 2.90 
Ka (10 m ) (4. 34) (3.39) (2 .39 ) 
Soil r esistanc e 0 . 60 1. 02 1. 22 
(MPa at 10 cm) ( 1 . 03 ) ( 1 • 75) (2. 34) 
sr1 
-8-
TABLE 3: Seed bed conditions one week after planting 
in two soi1safter 1 year of conventional 
cropping*. 
Soil property Avondale Wongan Hills CON CDD TDD CON CDD 
Soi' Water 0.094 0.088 0.084NS 0.078 (cm cm-3) 0.091 
Soil resistance 0.517 0.548 0.536NS 0.512 (MPa at 10 cm) 0.519 
Air pe§me~bility 1. 94 ** 3.96 Ka (10 m ) 2.58 3.08 5.52 
Infilt1ation 
(ml s- ) 0.22 0.27 
0.32NS 2.60 2.07 
TDD 
** 0.110 
46 *** o. 3 
** 2.90 
** 0.70 
* Data supplied by Dr Ann Hamblin, University of Weste rn 
Australia. 
e: 
I 
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TABLE 4: Effect of planting system on evapotranspiration 
- Wongan Hills Research Station, 1979 
PERIOD - days Evapotranspiration - mm/day - (mm) 
After Sowing Duration TDD CDD CON 
* 0 - 28 28 1.03 0.94 0.95 
(29) (26) (27) 
28 - 76 48 1. 45 1.37 1 .40 
(70) (66) (67) 
76 - 110 34 1.85 2.12 2.19 
(63) (72) (75) 
110 - 161 51 1.07 0.88 o.85 
(55) (45) (43) 
Total Evapotranspiration 217 mm 209 mm 212 mm 
* Based on 1980 data 
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TABLE 5: Effect of planting system on evapotranspiration 
- Avondale Research Station, 1979. 
PERIOD - days EVAPOTRANSPIRATION - mm/day - (mm) 
After sowing Duration TDD CDD CON 
14 - 57 43 1.52 1.53 1. 42 
(65) (66) ( 61 ) 
57 - 83 26 1. 75 1. 76 1. 78 
(46) (46) (46 ) 
83 - 113 30 2.20 2.35 2.28 
(66) ( 71 ) (68) 
42 - 155 42 1 • 21 1.25 1 • 15 
( 51) (53) (48) 
Total Evapotranspiration* 242 mm 250 mm 237 mm 
* Includes 14 mm estimate for 0-14 days after planting. 
e 
I 
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TABLE 6: Effect of planting system on evapotranspiration 
- Merredin Research Station, 1979 
PERIOD - days EVAPOTRANSPIRATION - mm/day - (mm) 
After sowing Duration TDD CDD CON 
0 - 35 35 1.17 1.00 0.92 
(49) (42) (39) 
35 - 72 37 1. 33 1. 36 1. 43 
(49) (50) (53) 
72 - 105 35 1. 71 2.03 1. 75 
(60) ( 71 ) (69) 
105 - 150 43 0.54 0.75 0 .78 
(23) (32) (34) 
Total Evapotranspiration 181 mm 195 mm 195 mm 
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TABLE 7: Totalavailable soil water (mm and relative 
available soil water 0 o maximum to 180 cm soil 
depth - Progressive data, Wongan Hills, 1979 
Total available soil Relative available 
water (mm) water (%) 
CON CDD TDD CON CDD 
< 
July 4 60 58 63 88 86 
July 27 52 53 53 77 78 
August 8 54 52 54 79 77 
August 21 68 68 66 100 100 
August 30 62 66 69 91 97 
September 12 38 42 50 56 62 
September 24 17 18 28 24 27 
October 10 1 3 5 1 4 
November 24 0 0 0 0 0 
soil 
TDD 
92 
77 
78 
99 
100 
73 
41 
7 
0 
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TABLE 8 : Wate r profile data - Wongan Hills, 1980 
CON CDD TDD 
Depth of ' water penetration 75-80 55-65 55-65 
at 15.7.80 (cm) 
Available water 8 days 
after planting 
(a) Total (mm) 21.8 8 .9 10.0 
(b) Relative available 
water (%) 37.7 18.4 20.4 
Maximum water 57.7 47.5 47.4 
storage (mm) 
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TABLE 9: Effect of planting system on evapotranspiration 
- Wongan Hills Research Station, 1980 
PERIOD - days EVAPOTRANSPIRATION - mm/day - (mm) 
After sowing Duration TDD CDD CON 
8 - 37 29 1.03 1. 01 1. 00 
(30) (29) (29) 
37 - 79 42 1. 47 1 .48 1 .89 
(62) (62) (79) 
79 - 105 26 1. 49 1 .44 1 • 31 
(39) (37) (34) 
105 - 143 38 0.91 0.88 0.82 
(35) (33) (31) 
Total Evapotranspiration 166 mm 161 mm 173 mm 
I 
e 
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TABLE 10: Total available soil water (mm) and rel a tive 
available soil water (% maximum) to 180 cm soil 
depth - Progressive data, Wongan Hills, 1980 
Total available soil Relative avai lable 
water (mm) water (%) 
CON CDD TDD CON CDD 
June 17 22 9 10 38 18 
July 16 57 44 44 99 92 
August 6 54 45 47 94 100 
August 27 29 33 34 50 70 
September 9 11 15 15 19 32 
September 22 8 9 9 14 19 
October 10 0 0 0 0 0 
October 30 14 12 11 24 27 
soil 
TDD 
20 
94 
100 
71 
31 
18 
0 
24 
J2S 
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Wongan Hills - loamy 
3 .5 s and so il t yp e 
2 . 5 -
1. 5 - • 
0 .5 
. 06 
0 
.1 0 
Avondale - clay loam 
soil type 
TDD --------------·O 
CDD o----------- 0 
.14 .1 s 
Soil Water (cm3 cm-3) 
* FIGURE 1: Pen etrometer resistance vs water content for three 
planting systems at Av ondale and Wongan Hills. 
* Data suppli e d by Dr Ann Hamblin, University of 
West e rn Aus tra li a 
